INTRODUCTION
Today over 70 thousand drugs have been registered in the Russian Federation and about 25% is produced from a crude herbal drugs. 1 In the last 20 years interest in the wider use of herbal medicinal products is experiencing a revival all over the world. Herbal medicinal products (HMP) are used for treatment as well as prevention of various disease. According to World Health Organization, 60% of herbal drugs may increase in the next 15-20 years. 2 In this regard, one of the actual objective of modern pharmacy, including pharmacognosy, is the research of new sources of biologically active substances. New crude herbal drugs produced from medicinal plants can serve as a source of import-substituting highly effective drugs. In this context, there are objective prerequisites for the successful implementation of the strategy for the development of the pharmaceutical industry in the Russian Federation. Over the last 15-20 years qualitative changes have occurred in terms of studying the chemical composition of medicinal plants and crude herbal drug, which is explained by the development of modern spectral and physicochemical methods of analysis. [3] [4] [5] (Turkey), in Syria and Israel. It covers Dobrudja in Romania, Strandja and the Southern Black Sea Coast in Bulgaria, Georgia. C. coum is growing in Russia: in Adygea, Krasnodar Territory and in the Crimea. It grows in the upper forest belt at an altitude of 1800 m (Abkhazia, Bzyb gorges). [11] [12] [13] C. coum prefers shady places in coniferous, beech, mountain and deciduous forests, sometimes it grows among the roots of trees and stones. In the mountains, plant can be found at a height of 2000 m above sea level. 14 C. coum is a non-pharmacopoeial plant, it is not used in official medicine. However, C. coum is used in traditional medicine for the treatment of hemorrhages, ecchymosis, inflammations, hemorrhoids, and cancer. 15 The tubers were used in Turkish folkloric medicine for infertility treatment in women. 16, 17 Recent studies have shown that C. coum can be used as a perspective medicinal plant in clinical practice. The aim of this research is to support the theoretical substantiation of using C. coum in the official medicine.
MATERIALS AND METHODS
This review was carried out by a scientific search performed in August 2019, and there was no restriction in relation to the year of publication. This literature search was performed through specialized search databases (Pubmed, Scopus, Google, Google scholar, e-Library, Web of Science, scientific literature) using several combinations of the following keywords: cyclamen coum Mill., extracts, pharmacognostic characteristic, pharmacological effects, phytochemistry. The manuscript selection was based on the following inclusion criteria: articles with studies of genus Cyclamen and Cyclamen coum Mill., particularly, with keywords in the title, abstract, or full text.
In this research, about 150 articles were identified; however, 35 articles were selected as the others did not meet the inclusion criteria.
RESULTS AND DISCUSSION

Botanical characteristic
C. coum is a perennial herbaceous plant, forest ephemeroid with tuber. The height of the plants is 10 cm during flowering ( Figure 1 ). Aerial peduncles are located in the form of rosettes. Tubers are dark brown, velvety with a diameter of up to 8 cm (tuber of hypocotyl origin, with adventitious roots). The leaves are rounded with long petioles, there are often light spots above, the leaves are maroon-purple below. The proportion of length to width is 2.5:4. Generative peduncles are axillary, monocyclic with single flowers. The flowers are bisexual, on long pedicels. The flowers are bright, pink-purple. The perianth is double, pentamerous, symphyllous. The corolla consists of 5 petals that are up to 15 mm long. The corolla lobes are rounded (up to 15 mm long, up to 10 mm wide), with a small dark purple spot at the base of the petal (Figure 2 , left).
Threads slightly dilated at base. Anthers are yellow, the stile is short and hides in the fauces of the corolla. The ovary is globose with reddish fuzz. There are consistent pattern in changing the color of the petals, the size of the flowers and the shape of the leaves. For example, bud-like leaves and pale pink flowers in plants from southern Turkey and Syria, bright pink flowers on the Black Sea coast of Turkey, closer to the east, the flowers are getting bigger, and the leaves are narrower. Fruit is a spherical box that opens with 5-8 serratures (Figure 2 , right). 21 The flowering phase begins in February-March, as soon as the snow melts. This is due to the peculiarities of the ephemeroid morphogenesis. Flowering ends in April, the plants partially or completely lose their foliage in May-June. The sprouts of vegetative and generative buds become noticeable in mid-September, the plants leave the state of rest, but they flower only in late winter -early spring. Under the conditions of the greenhouse, C. coum awakens in mid-August, leaves and buds are formed at the beginning of autumn, flowering begins in late Novemberearly December. Similar facts are also can be observed in natural populations in years with mild winters. 22 Vakhrusheva L.P. et al. described qualitative and quantitative characteristics for the different age plant groups. The number of leaves, the size of leaf blades, the length of the petiole, the number of generative peduncles, the size of the tubers were studied ( Table 1 ). 8 C. coum occupies contrasting habitats from sea level to high mountains. In this regard, the variability of the anatomical and morphological features of the C. coum depending on its distribution at different conditions (heights) was studied at the Universities of Ordu and Ondokuzmay (Ordu, Turkey). Such observations are important for understanding phenotypic rearrangement when growing plants in different environmental conditions. The authors found that the length of the petiole and the length of the internodes are significantly reduced with height increase. The length of the peduncles, the width of the bulb, the width and length of the leaves, the number of flowers also change in great value. 23 Harvesting, drying, storing and traditional uses of C. coum crude herbal drugs
The tubers are collected from C. coum. The underground parts of the plant are harvested after the death of the aerial parts -in the middle of summer. Underground parts of plants are dug with shovels or other tools along with the ground. After harvesting, the underground organs are cleaned off the ground, by shaking off. Aerial parts and damaged areas are cut with knives. Raw materials should not be washed. After cleaning the ground, the raw material is laid out on the grass for drying. Under natural conditions, "air-shade" or solar drying can be used. Before artificial drying, raw materials are air dried for 2-3 days and accelerate the process of dehydration. Convective drying is carried out in batch or continuous dryers. Drying is considered complete when the underground organs break with a bang, rather than bend. 24 There has been insufficient research on the microscopy of cyclamen coum.
The crude herbal drugs are stored separately. All cyclamen plants are poisonous because of the cyclamin, toxic saponin contained in their fresh bulb, that is white opaque substance. This substance can absorb up to 45% water in air, swelling in water and becoming transparent, soluble in alcohol. Cyclamin is an irritant poison that causes gastroenteritis, bloody stools, dizziness, seizures, even death by asphyxiation. 25 Cyclamen is especially widely known in traditional medicine as a remedy that completely and permanently cures chronic sinusitis, sinusitis, runny nose, nasal polyps and adenoids, and also treats arthritis and headaches. Alcohol tincture is prepared from tubers of cyclamen. 26 
Impurity plants
Other species of cyclamen may be mistakenly harvested. A group of researchers from the Chukurova University (Adana, Turkey), the Mustafa Kemal University (Hatay, Turkey), the Aegean University (Izmir, Turkey) and the Nigde University (Nowhere, Turkey) studied the morphological and anatomical features of the Cyclamen genus and the differences of some species were characterized. Significant differences are noted for the leaves characteristics ( Figure 3 ). C. coum has roundish, bud-like leaves, the pattern is less pronounced on the upper surface of the leaf, the leaf is claret-violet from the bottom. C. persicum has a pronounced yellow-green pattern on the upper side of the leaf, the lower surface is light green. Leaves are heart-shaped. C. cilicium has matte, heart-shaped leaves with silver spots. C. pseudibericum is characterized by broad heart-shaped leaves. They are shiny, dark green with gray-green or whitish marbling; the edge is uneven.
The color of the petals is a common feature of cyclamen species. In nature, C. coum and C. pseudibericum generally have dark pink petals. C. pseudibericum is distinguished by a chocolate spot at the base of each petal (Figure 4 ). C. persicum has a maculation and darker margin of the petal. 6 Chemical composition of C. coum A group of researchers from the Karadeniz Technical University (Turkey) and the Forestry Research Institute (Trabzon, Turkey) identified triterpene saponins -coumoside A (1) and coumoside B (2) ( Table 2) in the C. coum methanol extract. Crushed wet tubers of cyclamen (1500 g) were extracted by cold methanol, extract was filtered, and the filtrate was concentrated on a rotary evaporator at 30°C. The obtained aqueous extract (400 ml) was treated with chloroform (150 ml, 3 times). The portion of aqueous phase (100 ml) was evaporated in vacuum at 30-35°C until dryness. The obtained crude residue (2.5 g) was separated using flash column chromatography and then the combined fractions were analyzed by NMR. [27] [28] [29] [30] Later, a group of researchers from Hacettepe University (Ankara, Turkey), Ankara University (Ankara, Turkey) and the Swiss Federal Institute of Technology (Zurich, Switzerland) carried out a series of phytochemical studies. In the C. coum tubers four new compounds were identified as saponins: cyclaminorin (3), deglucocyclamine (4), cyclacumin (5) and mirabilin lactone (6) ( Table 2 ). The freeze-dried tubers (500 g) were chopped and extracted with methanol at reflux. The crude extract was evaporated under reduced pressure to dryness (45 g). Two methods were used for further saponins isolation. A part of the methanol extract (15 g) was chromatographed on silica gel, the other part (20 g) was fractionated by HPLC. The structure of the compounds was determined using NMR spectroscopy, mass spectrometric analysis, IR spectroscopy, and chemical methods. 16, 29 Researchers from the University of Vienna (Vienna, Austria) carried out acid hydrolysis of the saponin complex isolated from the tubers of C. coum and identified cyclamiretins A (7), C (8), D (9) and cyclamigenin A (10) . They also found that, regardless of the developmental stage of the C. coum plant, deglucocyclamine content was highest in the tubers ( Table 2 ). 31 Researchers from the Karadeniz Technical University (Turkey) have isolated sterols from the whole plant -stigmasterol (11) and its related compounds. Extraction was carried out similarly as for the extraction of saponins. Extracted compounds were identified by NMR spectroscopy and GC-MS spectrometry. 32 Later, the same researchers isolated glucose and piperidine alkaloid 2-β-D-glycopyranosyl-2-undecil-3,5-dihydroxy-6-carboxypiperidine (12) ( Table 2 ). The structure of this compound was established using NMR spectroscopy and mass-spectrometry. 33 In the An-Najah National University (Nablus, Palestine) the qualitative and quantitative composition of the aerial parts of C. coum has been investigated. The high content of flavonoids was determined; its content was expressed in terms of quercetin and amounted 60.88 mg/g in extract. Phenols (32.7 mg/g in terms of gallic acid) were also found in large quantities. In moderate amounts, compared with the content in other plants, tannins were investigated, its content was 11.7 mg/g in terms of catechin. Also, amino acids, steroids, reducing sugars, carbohydrates and cardiac glycosides were found in the aerial parts of the plant. 15 Components of flower pigmentation (anthocyanins) have been studied in many cyclamen cultivars. 34 Nevertheless, anthocyanin profile of C. coum remains currently uninvestigated.
Pharmacological effects of C. coum crude herbal drugs
In the last few years, cancer remains one of the main causes of death, and the number of victims of this disease continues to rise. Plants are a potential source of chemical compounds with antitumor and cytotoxic activity. Researchers from Turkey studied the cytotoxic effect of the extract of C. coum on cervical cancer cells and lung cancer cells. It was found that cyclamen extract has moderate cytotoxicity and causes apoptosis in both cell lines, but it acts stronger on cervical cancer cells. The authors explained this selectivity of cytotoxicity by the different Pharmacognosy Journal, Vol 12, Issue 1, Jan-Feb, 2020 sensitivity of cells to the active substances in the extract. This study is an encouraging step in the development of a new cytotoxic drug that can be effectively used in chemotherapy. 14 Saponins and phenolic compounds are the main groups responsible for the antimicrobial plants activity. The interaction of aglycone fragments of saponins and fungal membrane sterols is the main mechanism that causes the formation of transmembrane pores, it destroys the integrity and leads to membrane lysis. In the Alzahra University (Tehran, Iran) the susceptibility of three Candida strains to the C. coum tuber extract has been studied. It was found that the ethyl acetate extract did not inhibit Candida strains due to the low content of saponins, while the aqueous and n-butanol extracts showed significant activity. It has been shown that extracts have a significant antifungal effect in comparison with ketoconazole. Susceptibility of Candida to C. coum tuber extracts was evaluated via minimum inhibitory concentration (MIC) and minimum fungicidal concentration (MFC).
Glycosidic aqueous and n-butanolic phases showed antifungal activity against all the studied fungal strains, indicating the important role of sugar chains in stimulating the activity of saponin. The aqueous phase of the aglycone extract with low content of saponin and high content of phenol was the most active. The MIC and MFC of the aqueous and n-butanolic extracts varied from 2-32 μg/ml for different Candida strains. 35 A group of researchers from the Pasteur Institute of Iran (Tehran, Iran), the Alzahra University (Tehran, Iran) and the Immunoregulation Research Center (Tehran, Iran) detected the activity of the n-butanolic extract of the C. coum, it suppresses the formation of the Pseudomonas aeruginosa biofilm. This fact plays a significant role in people with cystic fibrosis since biofilm is resistant to some antibiotics due to its impermeable structure. Antibiofilm and antibacterial properties of n-butanolic extract of C. coum alone and in combination with ciprofloxacin were studied using the method of serial dilution. According to this study, an antibiotic or C. coum n-butanolic extract (at a concentration of 55±0.3 µg/ml) significantly suppresses the formation of a P. aeruginosa biofilm, but their combination more significantly inhibits biofilm formation (concentrations of antibiotic and extract are reduced -38 ± 0.3 µg/ml). 36 An-Najah National University (Nablus, Palestine) researchers evaluated the antibacterial and antioxidant activity of the methanol extract of the C. coum aerial parts due to the high content of flavonoids and phenols. 37, 38 Antioxidant activity (AO) was determined by spectrophotometry at a wavelength of 517 nm (AO = 31 μg/mL). The MIC was determined by the method of serial dilution and its value was 6. C. coum has a high level of frost hardiness and also disease resistance, thus making it a valuable source of genetic material for breeders and growers of Cyclamen species. A group of researchers from Germany has shown that somatic embryogenesis can be an effective and stable system for the regeneration and reproduction of C. сoum. A protocol for isolating protoplasts from somatic embryos and suspension cultures was developed, and the culture conditions for the growth of embryogenic cultures on solid and liquid media were optimized. 39
CONCLUSION
Recently, many plants have been incorporated into official medicine because of their discovered valuable properties and evidence-based medicine success. Improved methods of analysis and quality control, as well as the achievements of clinical studies show the promise of using herbal medicinal products for the prevention and treatment of various diseases. 15 C. coum has an ornamental value, contains a wide range of biologically active substances: saponins, sterols, piperidine alkaloids, flavonoids, phenols, tannins, carbohydrates, and cardiac glycosides. Saponins and phenolic compounds possess antimicrobial activity, and therefore the crude herbal drug of C. coum can be considered as a potential antibacterial and antifungal drug. The greatest activity was found against P. aeruginosa, and activity in suppressing the formation of P. aeruginosa biofilm was also noted. Extract of C. coum in combination with appropriate antibiotics can serve as a promising antibiotic therapy for patients with cystic fibrosis.
C. coum extract possesses antitumor and cytotoxic effects, thus C. coum can be positioned as a source for the preparation of drugs for the prevention of cancer.
It should be noted that there is a need for further studies for the isolated chemical compounds to identify other pharmacological effects, as well as with the aim of possible identification of other biologically active substances. The information presented in this research work can serve as a theoretical justification for the promise of C. coum and the feasibility of further pharmacognostic studies of this plant, including the development of pharmacopoeial monographs and methods of quality control for crude herbal drugs to introduce drugs based on it into official medicine.
